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TECHNICAL MEMORANDUM X-53149

i BIBLIOGRAPHY ON FLUORINE AND FLUORINE
OXYGEN OXIDIZERS FOR SPACE APPLICATIONS

SUMMARY

This bibliography references approximately 350 reports on fluorine
and fluorine-oxygen mixtures (FLOX)., In the introduction, current
government contracts pertaining to FLOX and fluorine are listed. The
bibliography includes separate sections dealing with material compati-
bility; handling, storage, disposal, and safety considerations; physical
and chemical properties; propellant oxidizer studies; vehicle component
design studies; and miscellaneous reports.

INTRODUCTION

Since liquid fluorine in combination with most fuels gives higher
performance and energy than most other oxidizers for space vehicle
applications, interest in this oxidizer has been increasing in recent
years. Even more recently, it has been found that a mixture of 70
percent liquid fluorine and 30 percent liquid oxygen will deliver a
higher specific impulse than 100 percent fluorine when used with a
hydrocarbon type fuel.

With the idea that more dilute concentrations of fluorine (20 to 40%)
with oxygen (FLOX) would reduce the handling difficulties, material
compatibility, and other problems associated with using pure fluorine,
the use of FL.OX is rapidly gaining nationwide interest. If the major
engineering problems are greatly reduced, the use of FLOX would be
the quickest and most economical method to increase the thrust of
present space vehicles since only slight modification to the present
vehicles and engines would be required.

This bibliography was compiled to provide information on materials
compatibility, handling, storage, transportation, disposal facilities,
safety considerations, physical and chemical properties, propellant
oxidizer studies, vehicle component design studies, and other topics
pertaining to fluorine and FLOX.

References were selected from the open literature as well as the
unclassified and classified reports. The following sources were consulted:

1. Defense Documentation Center (Formerly ASTIA)
2. NASA STAR

3. NASA CSTAR

4. NACA Index



Technical Publication Announcements (TPA)
Classified T.P. A.

International Aerospace Abstracts

National Association of Corrosion Engineers Abstracts
Chemical Abstracts

NASA-MSFC Technical Library

Redstone Scientific Information Center

O 0 o~

1
1

For convenience in using this information, the references have
been grouped into various categories as follows:

Materials Compatibility

Handling, Storage, Disposal, and Safety Considerations
Physical and Chemical Properties

Propellant Oxidizer Studies

Vehicle Component Design Studies

Miscellaneous

Since the interest in F1LOX is so recent, a considerable amount of
research on its use and handling is presently being conducted. Current
government contracts, which should provide additional information on
this subject in the near future, are listed below:

Aerojet General Incorporated, Azusa, California

a. AF04(611)7441, Rockets in Space Environment, P. D. Gray
and others.

b. AF04(611)8015, Design and Development of an Advanced
Propellant Upper Stage Motor, D. R. Pippins.

c. AF04(611)8196, Prototype Propellant Testing Systems,
R. C. Adrian, H. C. Edgington and F. E. Miller.

d. AF04(611)9364, Space Environment Studies, G. K.
Cornelius and others.

e. DA04-495-AMC 255(Z), Evaluation of High Energy
Materials as Liquid Propellants.

Aeronutronics, Newport Beach, California
a. AF04(611)7443, Feasibility Investigation of Uncooled
Thrust Chamber and Nozzle Designs, E. P.Bartlett,
R. W. Baier and E. L. Doughman.
b. NOw 61-0905-c, ARPA order 22-62, An Investigation of
the Recombination and Particle Lag Effects in Rocket
Nozzles, R. C. Oliver and others.

Aerospace Corporation, El Segundo and Los Angeles, California
a. AF04(695)169, Space Maneuvering Propulsion Study,
D. H. Jaeger.



b. AF04(647)930, Propellant Performance and Gas Composi-
tion Handbooks, S. A. Johnson and others.

Argonne National Laboratory, Lemont, Illinois
a. W-31-109-ENE-38, Fluorine Reactions with Materials at
High Temperatures (A General Research Contract from
AEC).

Astropower Incorporated, Costa Mesa, California
a. AF33(657)9162 (Project No. 62-6899-7381), Compatibility
of Structural Materials with High Performance Oxygen-
Fluorine Liquid Oxidizers, N. A. Tiner, W. D. English
and others.

Atlantic Research Corporation, Alexandria, Virginia

a. AF33(657)8475, Chemical Reactions Between Plastic
Composite Material and Propellant Exhaust Products
J. D. Batchelor, J. A. Simmmons and W. E. Wist.

b. AF49(638)1131, Study on the Hydrogen-Fluorine Reaction,
J. B. Levy.

c. N-ORD-15536, Chemical Reaction Between Propellant
Gases and Nozzle Material, R. S. Scheffee and others.

Bell Aerosystems Company, Buffalo, New York

a. NASw-28, Development of Hydrogen-Fluorine Gas
Generator Turbine System, A. Kimball.

b. NAS5-3646, Fluorine-Hydrogen Engine System Study
(OART 180-31-02-04, W. R. Schindler, Contract Monitor).

c. AF OR(611)7264, Maneuvering Satellite Program.

d. AFO04(611)8183, Research Feasibility Demonstration,
A. Kimball and others.

e. AF04(611)8200, Development of Expulsion and Orientation
Systems for Advanced Liquid Rocket Propulsion Systems,
D. Neuman and others.

f. AF04(647)908 and AF04(695)26, Bell Model 8181 Chariot
(Fluorine-Hydrazine Study), A. H. Kimball.

g. AF33(657)8555, Physical Chemistry, J. J. Quinones and
A. B. Misercola.

h. NAA-P. O. M3J3XA406027 (A Sub-Contract from North
American Aviation on Fluorine).



Boeing Company, New Orleans, Louisiana
a. TAQ-22(MSFC), Feasibility of FLOX for Performance
Improvement on the S-IC.

Bureau of Mines, Pittsburgh, Pennsylvania
a. AF33(616)60-8, Review of Fire and Explosion Hazards
in Flight Vehicle Combustibles, H. E. Perlee, I. Liebman
and M. G. Zabetakes.

Chemical Propulsion Information Agency, John Hopkins University,
Maryland
a. NOw 62-0604-c, High Energy Liquid Propellant System
Studies (A General Contract on All Space Vehicle Pro-
pellants and Oxidizers), D. M. Ross.

Convair, San Diego, California
a. AF19(604)5554 , ARPA order No. 116-60, Rocket Plume
Radiation Studies.

Frebank Company, Glendale, California
a. AF04(647)309, Investigation of Nonequilibrium Pheno-
mena in Rocket Nozzles, D. Webber.

General Dynamics/Astronautics, San Diego, California
a. NAS3-3228, Task order No. 9, Amendment I and III,
FLOX in Atlas Oxidizer System, Peter Smith.
b. NAS8-2664, The Centaur Research and Development
Programs,

c. AF04(694)240, Standard Space Launch Vehicle Reliability
Improvement Program.
d. AF18(600)1775, Research in High Energy Upper Stage

Vehicles.
e. NASA Lewis Research Center contract to GD/A, FLOX
Compatibility Study (Contract Monitor, H. Douglas).

Lockheed Propulsion Company, Redlands, California
a. AF04(611)9079, An Investigation of the Characteristics
of Hybrid Propulsion Systems.



NASA-Lewis In-House Research

a.

b.

National

Denver,
a.
b.

Non-Cavitating and Cavitating Liquid Fluorine Pump
Design Study, W. M. Osborn,

Experimental Evaluation of Liquid Fluorine System
Components, R. L. Dewitt and H, W, Schmidt,
Experimental Hydrogen/Fluorine Rocket Performance

at Low Pressures and High Area Ratios, C. A. Aukerman
and B. E. Church.

OART 128-31-02-24, Research on Propellant Pumps for
Hydrogen, Oxygen and Fluorine, J. M. Hartmann.
OART 128-31-05-06, Research on Compatibility of FLOX
Mixtures on Materials, H. W. Schmidt.

OART 128-31-06-01, Heat Transfer and Performance
Data on Hydrogen-Fluorine Systems, W. A, Benser.

Bureau of Standards, Cryogenic Engineering Laboratory,
Colorado

AF33(616)58-4, Cryogenic Research,

NASA order R-45, Cryogenic Development Research.

New York University, New York City, New York

a.

NOw 62-0726d, Liquid Propellant Research Evaluation.

Pratt Whitney, West Palm Beach, Florida

a.

b.

NASw 754, Research on a Hydrogen-Fluorine Propulsion
System, (NASA-Lewis Monitor, J. W. Gregory).

NASw 754 Addendum I, Fluorine-Hydrogen Performance
at High Mixture Ratios and Seal Development Research,
(NASA-Lewis Monitor, J. W. Gregory).

Pratt Whitney Division, United Aircraft Corporation, East Hartford,
Connecticut

a.

NASw 366, Investigation of Nonequilibrium Flow Effects
in High Expansion Nozzles. /NASA .Lewis Monitor, J. W.

Gregory).



Rand Corporation, Santa Monica, California
a. AF49(638)700, Exhaust Gas Composition and Afterburning
Energy Release for Selected Rocket Propellants, W. H.
Krase.

Rice University, Houston, Texas
a. DA31-124-ARO (D) 110(ARPA No. 4108), Research in
Fluorine Chemistry, S. L. Margrave.

Rocketdyne, Canoga Park, California

a. NASw-16, F-I Engine Systems Study.

b. NAS3-3239, Feasibility Tests of FLOX with the Atlas
MA-5 Sustainer Gas Generator and Vernier Engine,
J. J. Griffin.

c. NAS8-2654, Aerodynamic Nozzle Study.

d. NONR 1818/00, Research in Fluorine Chemistry, Rogers,
Johnson and Evans.

Rocket Power Incorporated, Pasadena, California
a. AF04(611)7414, Study of Rocket Engine Exhaust Products,
M. A, Greenbaun and others.

Rocket Research Corporation, Seattle, Washington
a. AF04(611)8545, Development of High Energy Pulse
Throttled Micro-Thrust Rocket Engines.

Space Technology Laboratory, Incorporated, Los Angeles,
California
a. AF04(647)309, Investigation of Nonequilibrium Phenomena
in Rocket Nozzles, D. Webber, (Joint contract with
Frebank Company).

United Technology Center, Sunnyvale, California
a. NAS7-156, Investigation of Fundamental Hypergolic
Ignition Phenomena Under Dynamic Flow Environment,
R. S. Brown.

Washington University, Seattle, Washington
a. NR 093-018 (Office of Naval Research), Fluorine Chemistry,
G. H. Cady.



The following contractors have done research in fluorine or
fluorine containing oxidizers in the last 2 years and may have informa-
tion of value:

Air Products and Chemicals Incorporated, Allentown, Pennsylvania

Air Reduction Chemical and Carbide Company, New York City,
New York

Borg-Warner Corporation, Chicago, Illinois

Chrysler, Missile Systems Division, Huntsville, Alabama

Connecticut Hard Rubber Company, New Haven, Connecticut

Dow Chemical Company, Midland, Michigan

DuPont de Nemours, E. I., and Company, Wilmington, Delaware

General Chemical Division, Allied Chemical and Dye Corporation,
INew York City, New York

Jet Propulsion Laboratory, Pasadena, California

Linde Company, a Division of Union Carbide Corporation,
Tonawanda, New York

Ohio State University, Cryogenics Laboratory, Columbus, Ohio

Pennsalt Chemical and Manufacturing Company, King of Prussia,
Pennsylvania
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Batchler, J., McCormick, S., and Others, Study of Reactions
Between Plastic Composite Materials and Propellant Exhaust
Products, Atlantic Research Corporation, 17 October 1962, X62-
11674, AF 33(657) 8475. Confidential report.

Boyde, W. K. a ' White, E. L., Compatibility of Rocket
Propellants with Jfaterials of Construction, Defense Metals
Information Cente , 15 September 1960, DMIC Memo No. 65,
AD 243 625,

Brown, M, H., Resistance of Materials to Fluorine and Hydrogen-
Fluorine U. S. Atomic Energy Commission, Document No. MDDC
144, ATI 23 807,

Cabaniss, J. .. and Williamson, J. G., A Literature Survey of
the Corrosion of Metal Alloys in Liquid and Gaseous Fluorine,
NASA, MSFC, December 13, 1963, MTP-P&VE-M-63-21. N64-17691,

Cancilla, Myron A., On Fluorine, A Reference Work, 1958.

AD 301 938.CConfidential r%

Chamberlain, D, L., Jr., Neutralization of Fluorine, Addendum
No. 1 to Final Report, 4 June 1958, (Contract AF 04(611)2315).
AD 160 475. Unclassified report.

Chieck, David, Cucchiara, Orlando, and Donaghue, T., Detection
Techniques for Hazardous Vapors of Elemental Propellants,

Final Report/ ASD-TDR-63-294, May-December 31, 1962,
Contract AF 33/657/-8916, X63-14835. Unclassified report.

Clemmons, B. and Regna, E. A., Study of Corrosion Properties
of Oxygen Difluoride, Final Report 1959, (Contract AF 18(600)1766).
AD 222 886. Unclassified report.

Courington, T. C., Flox in Atlas Oxidizer System Program Plan
and Schedule, September 13, 1963, NASA Contract NAS3-3228/
NASA CR-51849, GDA-955-63-1633. X63-16150. Unclassified
report.
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11.
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13.

14

15,

16.
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Defense Metals Information Center, Summary of Present
Information on Impact, Sensitivity of Titanium When Exposed
to Various Oxidizers, DMIC Memo No. 89, Battelle Memorial
Institute.

Downing, R.C,, Fluorine, Corrosive Effects, Paper #M-875.
JWD-15, April 1944, E. I. duPont de Nemours, AD 145 880,

Edmondson, W.R. Classified Titley (F, Oxidizer Studies).
Quarterly progress report no. 4, 1 July - 30 September 1957,
1 December 1957, (Report no. R-371-4), (Contract AF 33(616)
3571), AD 151 229. Confidential Report.

----- Quarterly progress report No. 4, 1 July - 30 September
1957, 28 October 1957, (Report no. R-371-4P), AD 148 262.
Confidential Report.

----- Quarterly progress report No. 5 for period ending 31
Decembexr 1957, 28 January 1958, (Report no. R-371-5P), AD 301
255, Confidential Report.

----- Quarterly progress report No. 6, 31 March 1958, (Report
no. R-371-6P), (Contract AF 33(616)3571), AD 300 020.
Confidential Report.

Fink, F. W, and White, E. L, , Corrosion of Materials by Fluo-
rine and Liquid Oxygen, NACE Meeting in 1960 at Dallas, Texas
(16th Annual Conference), Battelle Memorial Institute, March
1960.

Geiger, R.A., Schuler, Fred T., Mowers, Robert E., Corrosion,
January, 1960, "Rocket Engine Corrosion Problems, " p20.

Grosse, A.V. and Kirshenbaum, A. D. , The Fastest Burning
Flame, and The Premixed Hydrogen-Fluorine Flame., Technical
Note no. 8 on Study of Ultra High Temperatures, February 2,
1959. AD 228 782 (30 November 1959),



-19.

20,

*1.

22,

23,

24,

25,

26.

T 27.

Gundzik, Richard M., Feiler, Charles E., Corrosion of Metals of

Construction by Alternate Exposure to Liquid and Gaseous Fluorine,

December 1954, National Advisory Committee for Aeronautics,
Washington, D. C., AD 47 574,

Haendler, H.M., Towle, L.H., Bennet, E.F., and Patterson,
W. L., Reaction of Fluorine with Titanium, Zirconium, Tin,
Copper and the Oxides of Titanium, Zirconium and Vanadium.
American Chemical Society Journal, Vol. no. 76 (8), p.2177-2180,
{1954).

Hall, R. A., Study of Rocket Engines Using Liquid Fluorine as the
Oxidizer, Final Reportl July 1957 - 30 November 1959. (Report ]
no. R-2035; WADC TR-58-420), Rocketdyne, Canoga Park, Calif.
Contract AF 33(616)3571; Continuation of Contract AF 33(616)2134.

AD 314 016. onfidential Reporti—-

Hanson, Morgan P., and Richards, Hadley T., Influence of
Fluorine Environment on the Mechanical Properties of Several
Sheet Alloys, April 1963/NASA TN D-1706, Washington, NASA,
N63-14405.

International Nickel Company, Inc., The Handling Fluorine and
Fluorine Compounds with INCO Nickel Alloys, Technical Paper,
February 1958.

Jackson, J. D,, Corrosion in Cryogenic Liquids, Chemical Engi-
neering Progress, Vol.57, no. 4, (April 1961) pp. 61-64,
(Battelle Memorial Institute).

Jackson, R.B., Corrosion of Metals and Alloys by Fluorine,
Final Report March 1960, (Contract AF 04(611)3389), General
Chemical Div., ‘Allied Chemical and Dye Corporation, New
York. AD 235 162,

Kellogg, M. W., Company, Materials Corrosion Data, SPD 121,
Part II, 19 March 1948. New York, N. Y.

Landau, R., Corrosion by Fluorine and Fluorine Compounds.
Corrosion, Vol. 8, no. 8, p.283-288, 1952,

11



28.

29.

30.

31.

32.

33.

34,

35,

36.

12

Law, R. J., Canadian Chemical Processing, September 1962,
Vol, 46, p. 89-91.

Lingnau, E. von, Das Verhalten der Werkstoffe Degenuber Fluor.
(The Behavior of Materials Towards Fluorine), Werkstoffe u.

Korrosion, Vol. 7, 1956, p. 634-41.

McCandless, E. L., Cryogenic Fluids for Space Propulsion
Systems, Report from SAE Journal, September 1960, p64-65.

Linde Company, Division of Union Carbide Corporation, Tonawanda,
N. Y. N63-81358.

Maloney, C. J., and Kidwell, A. S., Effects of Potential Rocket
Fuels and Oxidizers on Elastomers and Development of Elasto-
meric Compounds Suitable for Retention of These Materials.
WADC 56-351 (November 1956). AD 110 511,

Millaway, E. E. and Covington, 1.. C., Resistance of Titanium to
Gaseous and Liquid Fluorine, Titanium Metals Corporation
of America, Progress Report 3 {March 1959},

Myers, W. R. and Delong, W. B., High Temperature Attack on
Metals by Fluorine and H. F., Chemical Engineering Progress,
Vol. 44, (7), p. 359-362, (1948).

National Bureau of Standards, Cryogenic Engineering Laboratory,
A Compendium of the Properties of Materials at Low Temperature,
Wright-Patterson AFB, Ohio, Wright Air Development Div.,
October 1960. Contract AF 33/616/-58-4/WADD-TR-60-56,Pt. III,
N63-85610, AD 249 777.

North American Aviation, Inc., Downey, Calif., Classified title
(F,/NHj3 studies), Bimonthly progress report No. 4, 13 February
1953, _ (Rept. no. AL-1517-4), (Contract AF 33(616)62). AD 1237.
Confidential Report.

North American Aviation, Inc., Downey, California. Classified
title (FLOX Research, Bimonthly progress report no. 1, 1 December
1953. (Report no. AL-1824-1), (Contract AF 33(616)2134). AD

26 151. Confidential report.



38.

39.
10.
41.
2.

43.

44.

45,

. O'Donnell, Patricia M. and Spakowski, Adolph E., Reaction of

Copper and Fluorine from 800° to 1200°F., April 1961, TN D-768,
NASA, Washington, D. C. AD 254 733,

Oliver, R. C., Stephanou, S. E., Getz, R. J., Piper, D., and
Sprague, R. W., Chemical Corrosion of Rocket Liner Materials
and Propellant Performance Studies. Vol. II. Second Quarterly
Technical Summary, Aeronutronic, Newport Beach, Calif.,
ARPA Order22-62/C-1960, N63-12832,

Polsfut, J. T. and Botsford, R. P., FLOX in Atlas Oxidizer
System, General Dynamics/Astronautics, San Diego, California
NASA Contract NAS3-3228, Amend. I/NASA CR-52205. X63-16772.

Price, Harold, Jr., and Douglass, Howard W., Material Compati-
bility with Gaseous Fluorine, 23 January 57, (RM E56K2l), NACA,
Washington, D. C., AD 120 801.

Price, Harold G., Jr. and Douglass, Howard W., Nonmetallic
Material Compatibility with Liquid Fluorine, 2 October 1957,
(RM E57G18), NACA, Washington, D. C. AD 144 694.

Richards, H. T. and Hanson, M. P., Influence of Fluorine
Environment on the Mechanical Properties of Several Sheet Alloys.
April 1963. NASA TN D-1706.

Rocketdyne, Canoga Park, Calif., Classified Title (FL.OX Research).
Final Report 1 February 1955-29 February 1956 30 March 1956,
(Report no. R-171), (Contract AF 33(616)2134)., AD 90 979.
Confidential report.

Rocketdyne, Canoga Park, Calif., Classified Title (Fluorine
Research). Report for 1-29 February 1956. 29 March 1956 (Report
no. R-172P; Suppl. to report no. R-172, (Contract AF 33(616)2134).
AD 91628(a). Confidential report.

Schmidt, Harold W., Compatibility of Metals with Liquid Fluorine

at High Pressures and Flow Velocities, 15 July 1958, -NACA,
Washington, D. C. AD 162 732.

13



46.

47.

48,

49.

50.

51.

52.

53.

54.

55.

56.

57.

14

Stein, L. and Vogel, R, C., Behavior of Uranium and Other
Selected Materials in Fluorinating Reagents. Chemical Engi-
neering Division, Argonne National Lab,, Lemont, Il11, ANL-5441.

Sterner, Charles J. and Singleton, Alan H., The Compatibility of

Various Metals and Carbon with Liquid Fluorine, Report for June

1959 - June 1960, August 60, (Contract AF 33(616)6515, Proj. 7312)
(WADD TR 60-436), AD 244 309,

Sterner, C. J. and Singleton, Alan H., The Compatibility of
Various Metals with Liquid Fluorine, March 1961, Report for

June 1960-15 October 196C on Finishes and Materials Preservation,
(Contract AF 33(616)6515, Proj. 7312), (WADD TR 60-819), Air
Products, Inc., Allentown, Pa, AD 260 087.

Sterner, C. S. and Singleton, Alan H., The Properties and
Handling of Fluorine, October 1963, (Contract AF 33(616)6515,
Proj. 7312) (ASD-TDR-62-273) Air Products and Chemicals, Inc.,
Allentown, Pa. AD 423751,

Tiner, N. A. and English, W. D., Compatibility of Structural
Materials with High Performance of Liquid Oxidizers. Quarterly
progress report 15 June ~ 15 September 1962, (Report no. 112-Ql).
(Contract AF 33(657)9162, Project 62-6899-7381), Astropower,
Inc., Costa Mesa, Calif., AD 287 762.

----- Quarterly progress report no. 2, 15 September - 15 December
1962 (Report no. 112-Q2). AD 295 425,

----- Quarterly progress report no. 3, 15 December 1962 - 15
April 1963 (Report no. 112-Q3). AD 403 062,

----- Quarterly progress report no. 4, 15 March - 15 June 1963
(Report no, 112-Q4). AD 413 451,

----- Quarterly progress report no. 5, 15 June - 15 September 1963
(Report no. 112-Q5).

————— Special progress report no. 63-136, November 1963,
Accidental Explosion Involving the Use of Oxygen Difluoride.

_____ Quarterly progress report no. 6, 15 December 1963 - 15
April 1964 (Report no. 112-Q6),

Whitaker, G. C., Corrosion of Metals in F and HF, Corrosion

6(9) p. 283-285 (September 1950),



53.

59.

White, Earl L. and Fink, Frederick W., Materials of Construc-
tion for Handling Fluorine. Propellant Thermodynamics and
Handling Conference Proceedings, July 1959. Columbus, Ohio

State Univ. Eng. Expt. Station, 1960, p. 161-8l.

Zima, G. E. and Doescher, R. N., Materials for Fluorine
Control, Metal Progress Vol. 59 (May 1951) p. 660-663.
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II.

HANDLING, STORAGE, DISPOSAL,
AND SAFETY CONSIDERATIONS



60.

ol.

. 62,

63.

64.

65,

66.

67.

48,

69.

Adams, Donald F, and Koppe, Robert K., Automatic Atomospheric
Fluoride Pollutant Analyzer. Anal. Chem., v. 31, 1959, p. 1249-
54.

Air Force Flight Test Center, Edwards AFB, California, Safety
Procedures for Rocket Propellants, November 1958, Report
FTR-TM-58-1.

Aksyuk, A. F., et al., Translations from Gigiyena I Sanitariya/
Hygiene and Sanitation November 12, 1962. 6 May 1963, /JPRS
19067, OTS 63-21755. Joint Publications Research Service,
Washington, D. C., N64-11064.

Allied Chemical and Dye Corporation, General Chemical Div.,
New York, Liquid Fluorine Unloading Procedure, July 1958,
Product data sheet PD-TB-85411.

Baxter, J. P., Fluorine Technology. Revs. Pure and Appl.
Chem. (Australia),Vol, 2, December 1952, p. 203-11.

Bell Aerosystems Company, Buffalo, New York, Launch Area
Servicing of A Fluorine Hydrogen Upper Stage. 30 December 1960,
(Report no. 8031-982-003), (Contract NASw-28). AD 251 484.

Chleck, D., Cucchiara, O. and Donaghue, T., Detection Tech-
niques for Hazardous Vapors of Elemental Propellants, Parametrics
Inc., Saxonville, Mass. Final Report, 1 May-31 December 1962.
Contract AF33 657 8916, Proj. 8119, Task 811914 ASD TDR 63 294.
AD-414 947,

Davenport, S. J. and Morgis, G. G., Review of Literature on
Health Hazards of Fluorine and Its Compounds in the Mining and
Allied Industries, June 1954. Bureau of Mines, Pittsburgh, Pa.

Defense Research and Engineering, Office of the Director,
Washington, D. C., The Handling and Storage of Liquid Propell-
ants. January 1963, (Chapter 8 Fluorine).

Driscoll, D. G., Cryogenic Tankage for Space Flight Applications,
a paper, Linde Company, Div. of Union Carbide Corp., Tonawanda,
New York. Engineering Conf., Berkeley, Calif., 1959, N63-81355.
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71.

72.

73.

74,

75.

76.

7.

78.

18

Edson, E. F., The Industrial Toxicology of Fluorine and Certain
Fluorides, Gt. Brit. Springfields Works, Springfields, Lancs,
England. October 1949.

Fuller, P. D, and McLagan, J,N., Storage and Transfer of

Cryogenic Fluids, 1962, p,215-254, Stearns-Roger Manu-
facturing Company, John Wiley and Sons, Inc. A63-14286,

Greenbaum, M. A., et al., Study of Rocket Engine Exhaust
Products. Fifth Quarterly Report, 1 June 1962 through 31 August
1962. Contract AF 04/611/-7414. Rocket Power, Inc., Pasadena,
California. N62-17290.

Hubbard, H. E., Hydrogen and Fluorine Properties, Preparation
and Handling, Report no. AL-283, Proj. MX770 (26 August 1947).
North American Aviation Inc., Downey, California.

Hungerford, T. W. and Gary, D. C., An Automatic Control Valve
for Fluorine Storage Tanks. ORNL-659. Atomic Energy Commis- N7
sion. ADSI 417. 510

Jacobson, J., Henderson, W. K., Fleming, T. P., Levin, R. W.,
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